Background--Available health services data for individuals with peripheral artery disease (PAD) are often from studies of those eligible for or undergoing intervention. Knowledge of the frequency of care and mortality following an initial PAD diagnosis by setting (outpatient versus inpatient) is limited and represents an opportunity to provide new benchmark information.
P eripheral artery disease (PAD) is a prevalent and disabling atherosclerotic disorder that disproportionately affects older adults. [1] [2] [3] [4] Up to 25% of patients with symptomatic PAD may progress to limb-threatening clinical manifestations that are associated with high healthcare costs and frequent PAD-related procedures. [5] [6] [7] In particular, hospitalization costs associated with PAD-related revascularization and limb amputation procedures account for more than $11 billion annually in the United States and are similarly high in several European countries. 8 Long-term health outcomes, including cardiac events and mortality, following these procedures are poor. 6, 9 Although the prognosis for patients following a PAD-related procedure is well described, 10, 11 little is known about the outpatient and inpatient clinical care and outcomes following an initial PAD diagnosis. In particular, postdiagnosis care for individuals with PAD-including initial diagnosis in the outpatient setting through clinic visits, admissions, and use of procedures-has not been described. Administrative claims data, which contain diagnostic and procedure codes from inpatient and outpatient encounters, provide an opportunity to estimate the frequency of PAD-related care from the healthcare setting of first diagnosis through follow-up care in both the outpatient and inpatient settings.
The primary objective of this study was to characterize the frequency of care for study participants following an incident PAD diagnosis in the outpatient or inpatient setting. Our secondary objective was to estimate mortality associated with an initial PAD diagnosis by setting of diagnosis (ie, outpatient or inpatient). To accomplish these aims, we used data from the biracial ARIC (Atherosclerosis Risk in Communities) study cohort 12 
Methods
Availability of data and material, as well as detailed policies for accessing ARIC data, can be found online (https:// www2.cscc.unc.edu/aric/). 13 
Study Population
The ARIC cohort study
The ARIC cohort, established to examine the etiology of atherosclerosis and its clinical manifestations, includes 15 792 participants (aged 45-64 years at baseline) enrolled between 1987 and 1989. The ARIC cohort was selected by probability sampling from 4 US communities: Washington County, Maryland; Forsyth County, North Carolina; the city of Jackson, Mississippi; and the suburb cities of Minneapolis, Minnesota. 12 Other details about the study population have been published previously. 12 Those eligible for inclusion in this study were ARIC participants enrolled continuously for at least 2 years in Medicare Parts A and B through a fee-for-service (FFS) plan from 2000 to 2012. Data were collected on cohort participants at 5 clinic examinations and through annual follow-up telephone interviews. Information from ARIC visits 1 to 4, which occurred at 3-year intervals and concluded in 1999, is included in the present study. Information collected through the final telephone interview before diagnosis was used to define comorbid conditions.
Linkage of cohort data with administrative claims
Data for ARIC cohort participants were linked with CMS claims for the years 1991-2012 using a finder file that included each participant's social security number, sex, and date of birth. A total of 14 899 Medicare-eligible ARIC study participants were identified, of which 14 702 ARIC cohort identifiers (98.7% match) were matched successfully.
Information concerning ARIC study participant enrollment in FFS Medicare was obtained from monthly indicators of enrollment in Part A, Part B, and Medicaid buy-in available from annual CMS Medicare Beneficiary Summary files. Continuous enrollment periods were created to indicate uninterrupted CMS Medicare FFS coverage, defined as enrollment in CMS Medicare Part A and Part B and lack of enrollment in a Medicare Advantage (health maintenance organization) plan. Enrollment status before 2000 was not considered for this analysis. Study participants with missing enrollment information and those with continuous and exclusive Medicare Advantage enrollment were excluded from the study. Given limited representation, participants aged <65 years and those of race other than black or white were excluded. For study participants with >1 continuous FFS enrollment period (n=349), the longest FFS period was selected to give the best opportunity to capture relevant claims.
Demographics and comorbidities
Participant race, sex, education level, and family income were self-reported at the ARIC baseline visit (1987) (1988) (1989) . We used age at time of entry into the ARIC cohort and date of PAD healthcare event ascertained from the claims to calculate age at the time of the incident PAD event. Participant information regarding comorbid conditions was available from 4 ARIC clinic visits and annual telephone follow-up surveys. Comorbidity status was determined at the time of diagnosis. Diabetes mellitus was defined as self-reported history of physician-diagnosed diabetes mellitus at any of the 4 clinic visits or annual telephone survey, usage of diabetes mellitus medication during the 2 weeks before a visit, fasting blood glucose level ≥126 mg/dL, or nonfasting blood glucose ≥200 mg/dL. Kidney failure was defined as an estimated glomerular filtration rate <15.0 mL/min per 1.73 m 2 using the creatinine-based CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) equation and data from the 4 clinic visits.
14 Hypertension was defined as systolic blood pressure
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≥140 mm Hg or diastolic blood pressure ≥90 mm Hg at any of the 4 clinic visits, use of antihypertensive medication during the 2 weeks before any of the clinic visits, or selfreport in the annual follow-up interview. Hyperlipidemia was defined as total cholesterol ≥240 mg/dL at any of the 4 clinic visits or self-report in the annual follow-up interview. Smoking status was self-reported at each clinic visit and is defined as any history (current and former smokers) or no history (never smokers) for the purposes of this study. Body mass index was calculated as weight in kilograms divided by height squared (in meters) derived at ARIC visit 4 (1996-1998) . Obesity was defined as body mass index ≥30.0. History of coronary heart disease, stroke, and heart failure before incident PAD diagnosis was based on self-report at baseline and adjudication of hospitalized events. Self-rated health via self-report questionnaire was defined as poor, fair, good, or excellent, and the lowest rating from any assessment until the time of PAD diagnosis was used. Adequate access to care was defined as any outpatient claim identified within 1 year of the incident PAD diagnosis date.
Ascertainment of PAD encounters in the claims
PAD-related outpatient office visits were identified (1) from the physician claims (carrier) files as claims with PAD-related diagnostic and billing codes for new and established office visits and preventive medicine visits and (2) from facility claims (outpatient) files as claims with PAD-related codes for visits to Federally Qualified Healthcare centers. Hospitalizations (eg, inpatient visits and procedures) were identified from the Medicare Provider Analysis and Review records. PAD occurrence was defined using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and Healthcare Common Procedure Coding System (HCPCS) adapted from previous PAD-related administrative studies (Table S1) . [15] [16] [17] Relevant PAD codes in any listed position were counted for inpatient and outpatient visits. Provider specialty codes were used to identify outpatient visits to primary care providers and cardiology visits. All discharge ICD-9-CM codes associated with the incident PAD hospitalizations were grouped into categories of comorbid conditions using definitions provided by the CMS Chronic Conditions Data Warehouse. Claim position was examined because of concerns about potential upcoding, in which a PAD-related code might be added to the end of a claim to increase billing. 18 
Cohort construction
An incident inpatient PAD diagnosis was defined as a hospitalization with a PAD code in any of the 25 diagnosis or procedure positions at any time during the study period. An outpatient PAD diagnosis was defined as ≥2 claims within 12 consecutive months with a PAD-related ICD-9-CM; Current Analyses for time to initial hospitalization (for outpatient PAD diagnosis) or rehospitalization (for inpatient PAD diagnosis) accounted for death as a competing risk using the cumulative incidence function. 20, 21 Estimates were calculated by initial-and within-diagnosis settings stratified by race and sex. The end of follow-up was determined by death, enrollment in Medicare Advantage, or the date of December 31, 2012 (end of the study observation period). Beneficiaries' death dates were obtained from the Master Beneficiary Summary File. Propensity score models were used to adjust for confounding in mortality estimates using standardized mortality ratio weighting 22 ; estimates for individuals diagnosed with PAD in the inpatient setting were weighted to reflect the distribution of covariates among individuals diagnosed with PAD in the outpatient setting. Covariates included age, sex, race, income, education, diabetes mellitus, smoking history, hyperlipidemia, hypertension, obesity, coronary heart disease, stroke, heart failure, kidney failure, selfrated health, and adequate access to care in the year before diagnosis. The distribution of propensity scores was examined, and nonoverlapping propensity scores were trimmed from mortality analyses (n=21). All analyses were completed using SAS version 9.4 (SAS Institute). Written informed consent was obtained from all participants, and all ARIC field center institutional review boards approved the ARIC study.
Results
The final analytic sample included 11 652 ARIC participants with 86 228 person-years of FFS enrollment time. The median length of the FFS enrollment period was 6.3 years. We observed 1086 incident diagnoses of PAD during the eligibility period (2002-2010), of which 873 (80.4%) were in the outpatient setting and 213 (19.6%) were in the inpatient setting. Table 1 describes participants' demographics and comorbid conditions stratified by initial PAD diagnosis setting. Also included in Table 1 are similar data for ARIC participants who did not have a PAD diagnosis during the study observation period (n=10 566). Participants with a PAD diagnosis were more likely than those without a PAD diagnosis to have hypertension (84% Data are shown as percentage (95% confidence interval) except as noted. ARIC indicates Atherosclerosis Risk in Communities; CHD, coronary heart disease; FFS, fee-for-service; NA, not assessed; PAD, peripheral artery disease. *Diabetes mellitus is defined as self-reported history of physician-diagnosed diabetes mellitus at any of the 4 clinic visits, use of diabetes mellitus medication within 2 weeks before a visit, fasting glucose ≥126 mg/dL, or nonfasting blood glucose ≥200 mg/dL. † Smoking history is defined as any history or no history. ‡ Hyperlipidemia is defined as total cholesterol ≥240 mg/dL. § Hypertension is defined as systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or antihypertensive medication usage within 2 weeks before any of the 4 clinic visits.
k Obesity is defined as body mass index ≥30. ¶ History of CHD is defined as history of myocardial infarction, coronary revascularization during any time during follow-up but before the incident PAD diagnosis date. # History of stroke is defined as prevalent or incident stroke before the incident PAD diagnosis date, **History of heart failure is defined as prevalent or incident heart failure before the incident PAD diagnosis date. † † End-stage renal disease is defined as an estimated glomerular filtration rate <15.0 mL/min/1.73 m 2 using the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) equation.
versus 52%), diabetes mellitus (43% versus 20%), obesity (50% versus 40%), and an income of <$35 000 per year (54% versus 35%; Table S2 ). Characteristics by race and sex are presented for those diagnosed in the outpatient setting (Table S3 ) and the inpatient setting (Table S4) . Compared with those with incident PAD diagnosed in the outpatient setting, a larger proportion of study participants with incident PAD diagnosed in the inpatient setting reported a history of major circulatory system disorders, including coronary heart disease (25% versus 15%), stroke (17% versus 9%), and heart failure (36% versus 17%). Those with incident PAD diagnosed in the outpatient setting were more likely to be female (58% versus 47%) and have a history of diabetes mellitus (47% versus 26%) and hypertension (88% versus 70%) compared with those with incident PAD diagnosed in the inpatient setting. There was no difference in participant age at time of diagnosis between diagnosis settings. Although representing a small proportion of all study participants, those with an incident inpatient diagnosis were more likely to undergo an endovascular or surgical procedure (19.8% versus 6.0%). Of the 213 participants with an inpatient incident PAD diagnosis, 34 had an endovascular or surgical procedure at the time of diagnosis. Eight participants presented for limb amputation. Of the 873 diagnosed in the outpatient setting, 52 had an endovascular or surgical procedure at the time of diagnosis. No study participants presented for limb amputation in the outpatient setting.
Among the 213 participants diagnosed with PAD in the inpatient setting, 37 (17%) were hospitalized with a primary diagnosis of PAD (Table 2) . A PAD-related code was present in the first 3 or 5 positions, respectively, in 71 (33%) and 110 (52%) of the 213 incident hospitalizations. Participants diagnosed with PAD in the inpatient setting frequently had a concomitant code (Table S5) for ischemic heart disease (39%), diabetes mellitus (24%), chronic kidney disease (17%), heart failure (17%), and atrial fibrillation (12%). For 38% (81/213) of the incident PAD hospitalizations, the primary discharge diagnosis was a circulatory system-related condition (including PAD). Respiratory conditions (10%), digestive system diseases (9%), musculoskeletal diseases (7%), and neoplasms (7%) were the most common noncardiovascular disease primary discharge diagnoses.
Encounters Following Outpatient Incident PAD Diagnosis
Among individuals diagnosed with PAD in the outpatient setting, median time to first subsequent PAD-related outpatient encounter was 346 days. We observed an agestandardized rate of 2.15 (95% CI, 2.10-2.21) PAD-related outpatient encounters per person-year over the course of study follow-up (2002-2012). There were no differences in rates of PAD-related outpatient encounters per person-year by race or sex ( Figure 1 ). The highest rate of all-cause outpatient encounters was for primary care providers (age-standardized rate: 6.36 visits per person-year; 95% CI, 6.26-6.45; Figure 2 ). By comparison, the age-standardized rate of outpatient cardiology encounters was 1.94 (95% CI, 1.89-2.0) visits per person-year. Cardiology encounters per personyear were lower among black patients (1.20; 95% CI, 1.12-1.28) compared with white patients (2.18; 95% CI, 2.12-2.25) and lower among female patients (1.48; 95% CI, 1.43-1.55) compared with male patients (2.27; 95% CI, 2.21-2.35; Figure 2 ). Cumulative 1-year incidence of first PAD-related and first all-cause hospitalization among those with PAD diagnosed in the outpatient setting was 6.4% (95% CI, 4.8-8.1) and 32.2% (95% CI, 29.0-35.2), respectively ( Table 3) . Incidence of first PAD-related hospitalization and all-cause hospitalization did not differ by sex or race. Cumulative incidence of first PAD-related and first allcause rehospitalization at 1 year among those with PAD diagnosed in the inpatient setting was 14.2% (95% CI, 9.3-18.7) and 43.4% (95% CI, 36.3-49.7), respectively (Table 4) . We did not observe significant differences in the rates of the cumulative incidence of all-cause re-hospitalizations by sex or race.
Mortality Following Incident PAD Diagnosis
Overall age-standardized mortality following diagnosis of PAD in any setting was 8.9% (95% CI, 7.2-10.5) at 1 year after diagnosis (Table 5 ). Propensity score-adjusted mortality at 1 year (Figure 3 ) was 6.3% (95% CI, 4.8-7.7) and 14.7% (95% CI, 9.9-19.3) among those with incident outpatient and inpatient PAD diagnoses, respectively. Propensity scoreadjusted mortality estimates were similar to age-standardized estimates.
Discussion
This study is among the first to examine the frequency of healthcare encounters following a PAD diagnosis and to present findings by setting of the initial PAD diagnosis. We found that in a population of Medicare beneficiaries, most incident PAD was initially diagnosed in the outpatient setting. PAD-related hospitalizations at 1 year were rare among those with an incident outpatient PAD diagnosis. Outpatient encounters with primary care providers, cardiologists, and PAD-related visits were relatively frequent compared with national rates published by the National Ambulatory Medical Care Survey, the only study identified that presented encounter rates in the Medicare population. 23 Few differences for follow-up encounters were observed in stratified analyses, although we did observe that black patients experienced lower rates of follow-up cardiology encounters compared with white patients. Participants with an inpatient incident PAD diagnosis had a poorer short-term prognosis and a higher rate of all-cause rehospitalization than those diagnosed in the outpatient setting. Characteristics and existing comorbid conditions of ARIC study participants with PAD identify risk factors similar to those noted in other studies of PAD 24, 25 ; however, the rich covariate detail available in the ARIC study, from clinic visits, interviews, and self-report questionnaires, provided supplemental data that are often unavailable to health services researchers. In comparison to a recent claims-based study, we identified a higher prevalence of risk factors, such as diabetes mellitus (43% versus 16%) and hypertension (84% versus 54%), 15 among those with PAD. We further confirmed the findings of a German study that identified an inverse association between income and PAD incidence 26 and extended this association to our US-based study. Socioeconomic disparities in the development of PAD are similar to disparities observed in the development of other cardiovascular diseases and suggest a need for more interventions targeted toward those with low incomes. Although guidelines concerning appropriate timing of healthcare encounters following an incident PAD diagnosis have not been established, most guideline recommendations for care following a hospitalized cardiovascular event suggest contact with a provider within 6 weeks. 27, 28 The observed long median time to first PAD-related outpatient visit following an incident diagnosis in the inpatient setting (465 days among those with a PAD code in the first 3 positions) suggests that those with an inpatient PAD diagnosis may constitute a population of individuals not receiving appropriate postacute care. 29 Although we observed that study participants with inpatient PAD diagnoses had few postdiagnosis PAD-related outpatient encounters, our findings suggest that those with an incident PAD diagnosis in either setting are high users of outpatient healthcare services overall. In comparison to a census-based Medicare-aged general population (including all diagnoses) derived from a National Ambulatory Health Care Survey (NAMCS), participants with a PAD diagnosis identified in the present study had, on average, 2 times the number of postdiagnosis outpatient encounters per person-year (31.6 versus 14.4). 23 The ARIC study participants with a PAD diagnosis also experienced more than twice the rate of encounters per person-year with primary care providers than the general population of the NAMCS, possibly because of the coexisting comorbidity burden. Previous studies have suggested that diagnosis of CVD in the inpatient setting, compared with the outpatient setting, portends worse outcomes. 30, 31 Results of the current study extend this observation to PAD. We found that mortality, as well as the proportion of patients with hospitalizations, was higher among participants with a PAD diagnosis in the inpatient setting compared with the outpatient setting. Although participants from these 2 settings of diagnosis differ significantly by a variety of comorbid conditions, and their respective risk profiles are likely drive much of the observed mortality gap, findings from our study suggest that identification of PAD in the outpatient setting is favorable with respect to existing comorbidity burden and survival. The mortality gap might be due to the early detection of the disease in the outpatient setting; however, claims data do not include information about disease severity-an important area of potential future research. Of note, participants diagnosed with PAD in the inpatient setting in our study had mortality comparable to an analysis that examined death among ARIC participants after incident heart failure hospitalization. 32 PAD, however, remains understudied, and awareness of it remains poor in comparison to other cardiovascular diseases. 33 Although PAD can be a later stage disease that presents after other cardiac events such as myocardial infarction and stroke, 34 only 25% of all participants diagnosed with PAD in our study had existing atherosclerotic cardiovascular disease. Consequently, many patients present with PAD as their first atherosclerotic cardiovascular disease event, and identifying these patients earlier and better managing progression of their disease could be beneficial in delaying myocardial infarction, stroke, and other major circulatory system disorders. 35 
Strengths and Limitations
While our observations regarding differences in postdiagnosis PAD-related follow-up care by diagnosis setting are meaningful, several factors could influence these findings. First, nearly half of the inpatient incident PAD diagnoses included a PAD code in the 11th position or beyond, implying that PAD was only a distal cause of the hospitalization or that the PAD code represented prevalent disease. Second, the greater prevalence of diabetes mellitus and hypertension-chronic comorbid conditions that may necessitate frequent outpatient follow-up-identified among participants diagnosed with PAD in the outpatient versus the inpatient setting suggests that the 2 groups of study participants with a PAD diagnosis may utilize health care differently. 36 Finally, our assessment of postdiagnosis follow-up care was constrained for the inpatient setting by a relatively high proportion of participants discharged to a nursing home (13%), where follow-up specialty care is unlikely. Because this analysis was based on inpatient and outpatient provider visits among CMS Medicare enrollees in FFS programs, our estimates are not generalizable to Medicare beneficiaries enrolled in managed care programs, who have been reported to be healthier than those in FFS. 37 Generalizability of this study is further limited because our estimates reflect cohort survivors in a closed cohort. Administrative claims data reflect billing practices, and diagnostic coding found in claims data is not always accurate in relation to documented diagnoses or procedures. Last, our comparison of mortality by setting is limited by challenges in our inability to control for residual confounding because of our use of administrative claims. Although supplementing the administrative data with cohort information should help mitigate confounding bias, we have no information for important clinical factors, such as anatomical disease or symptomatic severity. An important strength of this study is the inclusion of outpatient as well as inpatient clinical encounters in the assessment of the frequency of encounters following an incident PAD diagnosis. Furthermore, prior studies have provided limited information about the healthcare encounters for individuals with PAD, stratified by the setting of healthcare delivery (inpatient versus outpatient). These estimates are age-standardized, and look-back periods for incidence are in accordance with recent recommendations, 19 providing further strength for this study.
Conclusions
This study addresses an important gap in existing literature by providing accurate estimates of the frequency of care following a PAD diagnosis by the location of the incident diagnosis in the outpatient or inpatient setting. Individuals with PAD are high users of healthcare services and experience high postdiagnosis mortality. Our findings provide a basis for the assessment of healthcare resource spending among PAD patients and a comparison, by demographics and comorbid conditions, of disease trajectories associated with clinically manifest PAD diagnosed in the inpatient or outpatient setting.
InpaƟent PAD Diagnosis
OutpaƟent PAD Diagnosis Figure 3 . Propensity score-adjusted cumulative mortality by setting of peripheral artery disease (PAD) diagnosis. Red line indicates inpatient PAD diagnosis. Blue line indicates outpatient PAD diagnosis. The propensity score model includes age, race, sex, income, education, diabetes mellitus, smoking, hyperlipidemia, hypertension, obesity, coronary heart disease, stroke, heart failure, end-stage renal disease, disease severity, any-cause office visit within 1 year before diagnosis, and self-rated health. The modeling strategy is described by Brookhart et al 16 . *Diabetes defined as self-reported history of physician-diagnosed diabetes at any of the four clinic visits or diabetes medication during two weeks prior to visit or fasting glucose > 126 mg/dl fasting or a nonfasting blood glucose > 200 mg/dl; † Smoking History is defined as any history or no history; ‡ Hyperlipidemia defined as total cholesterol > 240 mg/dl ; § Hypertension defined as systolic blood pressure > 140 mm Hg or diastolic blood pressure > 90 mm Hg or antihypertensive medication usage during two weeks prior to any of the four clinic visits; # Obesity defined as body mass index > 30 kg/m 2 ; ** History of CHD (coronary heart disease) defined as history of myocardial infarction, coronary revascularization during any time during follow-up but prior to incident PAD diagnosis date; † † History of stroke defined as prevalent or incident stroke prior to incident PAD diagnosis date; ‡ ‡ History of Heart Failure defined as prevalent or incident heart failure prior to incident PAD diagnosis date; § § End-stage renal disease defined as eGFR <15.0 mL/min/m 2 using the CKD-EPI equation; ## Self-rated health defined as poor, fair, good, excellent 
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